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Abstract: Citizen science programs are useful tools for collecting important environmental science 
data. To ensure data quality, however, it must be shown that data collected by volunteers can 
produce reliable results. We engaged 143 volunteers over four years to map and estimate abundance 
of invasive plants in New York and New Jersey parklands. We found that off trail abundance of only 
a few of our targeted invasive species were positively correlated with on trail abundance. Our results 
support that citizen science programs can be a useful and sometimes a much needed addition to 
environmental science protocols. 
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1.  Introduction  
The ability of environmental scientists to collect and analyze data across large spatial scales is 
clearly limited, especially given rapid environmental change. A trained workforce of volunteers can 
be a means to further the reach of environmental scientists. It is clear that there is potential for 
engaging the public as a means for scientists and resource managers to expand their capacity to 
collect data [1,2]. 
Citizen science programs are defined as projects that enable public participation in authentic 
research. Bonney et al. describe three models of citizen science [3]. In the contributory model, 
scientists often initiate the project and capitalize on an expanded volunteer workforce to generate 
data that are often published in the primary, peer-reviewed literature. In the collaborative model, 
participants have the opportunity to participate in data analysis and interpretation, and in the   
co-created model, participants have the opportunity to engage as scientists would and develop 
ownership over the project [3], and expanded in [4]. Further, while scientists and resource 
professionals may engage volunteers out of a desire to grow a dataset beyond that in which they are 
capable of collecting themselves, they may also be interested in broader impacts. Participants have 
been shown to increase their understanding on the underlying science behind environmental   
issues [5,6,7]. Additionally when considering environmental issues, citizen science initiatives can 39
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successfully promote civic engagement [8]. Citizen groups have also played a role in shaping 
environmental policy [9,10] and may translate into increased socio-ecological resilience [11]. 
Given these potential benefits of citizen science programs, it is worthwhile for environmental 
scientists to ask whether the data are reliable and accurate. Certainly concern over data quality exists 
and not all tasks are necessarily suitable for volunteers [12]. Many studies, however, are able to show 
accuracy through data validation measures (e.g., plant related citizen science projects [11,13]). 
Perhaps a more important question is to consider the extent to which citizen science can improve 
environmental scientific research. 
In this paper, we compare two data sets: one collected by experts and one where expert data are 
combined with volunteers. First, we describe how we were able to collect data to test the hypothesis: 
Weedy plant invasion on trails is associated with invasion off trails. Next, we use this context to 
highlight critical issues in the use of non-expert volunteers in environmental monitoring citizen 
science. 
2.  Project Context  
In native ecosystems, invasive plants can pose a serious threat to biodiversity. The presence of 
many invasive plant species in the United States is known, however, knowledge of their distribution 
in the northeast in relatively scant [14]. Natural resource managers and policy-makers are limited in 
their ability to respond to issues concerning invasive plants, as well as establish policies and 
regulations intended to limit further spread of invasives because of this deficiency. This project set 
out to learn more about invasive plants in forested parkland in the Highlands physiographic province 
along the border between New Jersey and New York. The areas in this study include Harriman and 
Near Mountain State Parks in New York, a series of parks in the Ramapo Mountains in New Jersey, 
and other nearby protected lands. This study area is within the Highland geomorphic province (based 
on Precambrian granitic gneisses and schists), and are included within the Hudson Highlands 
ecozone, a largely hardwood region recognized for its high biodiversity, rare species habitats, and 
conservation value.  
Plant distribution on-trail and off-trail were compared to test the hypothesis that trails were 
positively associated with invasive plant species distribution. Trained graduate students completed 
off-trail transects. For logistical purposes, using volunteers for on-trail (versus off-trail) sampling 
was preferred by park managers and allowed for us to test hypotheses about volunteer participation 
in this project. 
3.  Methods 
3.1.  Volunteers recruitment and training 
In February of 2006, 2007, 2008, and 2009, volunteers from the New York-New Jersey Trail 
Conference (NYNJTC) were recruited (58, 35, 26, and 24 individuals respectively). We chose to 
work with the NYNJTC because these individuals were already hiking in the region of interest. The 
volunteers were recruited via email sent to the entire membership of about 10,000 individuals and 
100 clubs, and no material incentives were offered. Volunteers were accepted if they could undertake 
the hiking and attend the training sessions. Those volunteers that wished to participate in subsequent 
years from 2006 were allowed to, but their data was excluded because of the likelihood their abilities 
increased. 40
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The authors led one all-day training session that volunteers attended in early June, followed by a 
‘debriefing’ session after volunteers collected their data in early July. Participants were given 
background information about the ecology and impacts of invasive species at the training session. 
Volunteers also received hands-on species identification training for a target list of invasive plants 
(22 species in 2006, but reduced to 12 in 2007, and 13 in 2008 and 2009, therefore we restrict our 
analysis to 13 species. Table 1). Volunteers were instructed to scan in a stratified manner from 
canopy to ground for the categorized target plants in four groups: trees, shrubs, vines, and herbs. 
Volunteers were provided with a field ID guide created for the project and were trained in field-
based semi-quantitative data collection protocol. 
Table 1. Targeted species name and abundance for the citizen science program. 
More information about these data can be found in Jordan et al. 2012.  
Common Name  Species  No. of 
validated 
sightings 
Japanese barberry  Berberis thunbergii  343 
Japanese stiltgrass  Microstegium vimineum 218 
Multiflora rose  Rosa multiflora  85 
Garlic mustard  Alliaria petiolata  81 
Oriental bittersweet  Celastrus orbiculatus  79 
Wineberry  Rubus phoenicolasius  48 
Tree of heaven  Ailanthus altissima  47 
Japanese angelic tree  Aralia elata  37 
Burning bush  Euonymus alata  30 
Norway maple  Acer platanoides  24 
Mile a minute  Persicaria perfoliata  24 
Swallow wort  Cynachum louiseae  14 
Japanese honeysuckle  Lonicera japonica  6 
3.2.  Invasive plant collection 
The following protocol was created by JE for previous studies and was replicated here for 
comparison to previous work. Volunteers collected data in pairs and each pair was assigned a 2 miles 
(~ 3.2 km) length of trail to survey. The volunteer pairs hiked an assigned stretch of the trail, 
stopping every 0.1 mile (0.16 km) to record presence and abundance of target species as well as 
collect samples when they first encountered a target species. Volunteers surveyed approximated 150 
miles (~ 241 km) of trails. Volunteers were instructed not to leave the trail and scan for target species 
in two zones on the right and left sides of the trail at each stop. This trailside zone was 6 feet (1.83 m) 
by 20 feet (6.10 m) estimated by volunteers in 2006, but delineated with rope in the following three 
years. Relative abundances were estimated as ‘few’, ‘some’, or ‘many’ by volunteers. Volunteers 
were provided with bags and labeling stickers for collecting samples on trail, and a plant press for 
sample preservation. Volunteers were trained in sample preservation and samples were returned to 
the authors in the press. 
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3.3.  Reliability of volunteer data 
Multiple methods were used to assess the accuracy of volunteer-generated data: 1) Pressed 
samples to test species recognition, 2) trail-point validation to measure volunteer accuracy on trails,  
3) common trail data collection to measure the repeatability of volunteer-generated data. Volunteer 
accuracy is discussed at length in [11]; below we summarize our methods of doing so. 
1) Pressed Samples. Authors assessed accuracy of specimen reporting by volunteers. 
2) Trail Point Validation. Data collected by volunteers at a subset of points were compared with 
data collected by three pairs of specially trained staff, henceforth referred to as ‘validators’, and used 
to assess volunteer ability to detect target plants and estimate abundance along trails. Validators 
assisted with training and have well-developed and specialized skill for identifying the target plants. 
High repeatability in validator-generated data, coupled with much higher variability in volunteer data 
gives us confidence that we can use validator-generated data as an acceptable standard by which to 
measure accuracy. In 2006, 30% of volunteer collected data were validated, and roughly 50% were 
validated in 2007, 2008, and 2009. 
3)  Common Validation Trail. To examine repeatability of volunteer-produced data we had all 
volunteers collect data along 1 mile (1.6 km) ‘validation’ trails that were explicitly marked at 11 
points each. Separate trails were used for NJ and NY volunteers in 2006 and 2008, except a single 
trail in 2007 and 2009, where the most experienced validator team surveyed the trails, and we used 
that team's data as the standard. An accuracy score was calculated for each sampling volunteer pair 
on both the experimental trail and validation trail.  
Our volunteer data produced accurate results when inspecting plant pressed specimens, N = 70, 
only two species were occasionally misidentified [11]. Given the high level of sites without plants, 
volunteers were 97.3% accurate on the trail point validation, and volunteers were only about 15% 
less accurate than the professionals on the validation trail [11]. Once we were confident that we had a 
reliable dataset, we generated a level of invasion metric by which on trail and off trail data could be 
compared.  
This invasion metric was computed by using the mean abundance for each species along a 
particular trail section that had at least 11 observations of that plant species (i.e., at each point where 
the volunteers stopped to collect data). Off trail data were collected by a single highly trained expert 
along a transect perpendicular to the trail originating 25 m beyond trail locations. For this, there were 
four locations along that transect were averaged in terms of species abundance. These data, when in 
sufficient numbers, were compared using a Pearson’s correlation statistic (Minitab 16, Minitab, Inc.) 
by plant species. This analysis was conducted on the combined expert (N = 30) and citizen collected 
(N = 41) data set and the expert data set alone. That is to say, the on trail expert only and the on trail 
combined data were each separately compared with the expert off trail data in the correlation 
analysis. 
4.  Results 
Of the plant species surveyed, only four were present in high enough frequency to compare data 
on and off trail. Some species simply lacked both positive on and off trail observations and others 
lacked positive off trail observations or positive on trail observations, but not both. All other 
correlations were not able to be computed because of insufficient sample size. In Table 2, we present 
data for each data set (total data and expert only). Note that these were among the most common 
species found in the study site (Table 1). While the correlations are near significance or are 
significant at the (a = 0.05) level, they are low (i.e., r ranging from 0.219–0.318) in the total dataset 42
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with roughly 50–60% of the variation in the data being explained by the relationship between on trail 
and off trail data. Interesting, however, is the variation in results in the expert only data set. Recall 
the expert data set is smaller (N = 30). Further inspection into both data sets indicate that there are 
still a great number of no sightings on and off trail, which could lend itself to results that are due to 
chance alone. 
Table 2. Below are the four species for which a sufficient number of observations 
were made to calculate Pearson’s r. For the two on trail data sets calculated (total 
data, which equals high performing volunteers and experts, and expert only), r is 
given as a correlation with off trail data. Associated p-values are in parentheses. In 
bold are significant correlations. For the four species listed below, there is some 
evidence to suggest off trail presence/absence is associated with on trail 
presence/absence.  
Plant  Total Data  Expert Only 
Japanese Barberry  0.318 (p = 0.009)  0.189 (p = 0.344) 
Oriental Bittersweet  0.219 (p = 0.095)  0.476 (p = 0.014) 
Japanese Angelic Tree 0.247 (p = 0.066)  ** 
Wineberry  0.272 (p = 0.042)  0.466 (p = 0.019) 
** Not enough observations made 
5.  Discussion 
In this paper, we tested the hypothesis that trails correlated with an increase in plant invasion in 
off trail locations using two data sets, one with expert data only and the other including citizen 
volunteers. Only with the inclusion of volunteer data, were we confident that we had a sufficient 
sample size to test our ideas. It appears that off trail abundance of only a few targeted invasive 
species are positively correlated with on trail abundance.  
We found that some species lacked only sufficient positive off trail observations. This could be 
caused through a few mechanisms: 1) something about trails makes them a suitable habitat for being 
invaded by this species but not off trail, or 2) trails may be allowing invasives into what would 
otherwise be uninvaded forest (from that individual species' perspective) and we may be catching the 
invasion relatively early (thus we would expect spread to off trail sites later). Others as mentioned 
above had enough positive data on and off trail and of these, all had a significant or almost 
significant relationships between on and off trail level of invasion. Several hypotheses remain to be 
tested and different species may not be affected by similar mechanisms. Hypotheses include   
1) invaders may not discriminate between on and off trail (e.g., Japanese Barberry because of bird 
dispersal) or 2) trails may be allowing invasives into what would otherwise be uninvaded forest 
(from that individual species' perspective) and we may be catching the invasion relatively late (thus 
already see spread to off trail sites). 
More importantly, however is that our data support the notion that volunteer participation can 
enhance data generated by scientists alone. The combined trail length surveyed was clearly beyond 
that which project personnel could have completed alone. When looking at our data, one may be 
inclined to disregard the volunteer included data because of the different results. However, when the 
smaller data set was inspected, it was clear that insufficient observations could result in spurious 
conclusions. When the greater data set is inspected, there are more data points, which are evenly 
distributed. Plus, we were able to use biological information regarding habitat requirements to help 43
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us consider which data may be more accurate. The additional data were necessary for us to test our 
hypothesis regarding on and off trail species abundance.  
The volunteer monitoring efforts allowed us to determine that certain species, though abundant, 
are simply not present in the understory off trails (e.g., Japanese Stilt Grass, Multiflora Rose, Garlic 
Mustard). Volunteer effort has also helped generate new hypothesis regarding past land use, trail 
placement, and trailside disturbance regimes that may be associated with invasive plant species. Data 
collected from our project has enabled us to create better profiles of likely understory invaders in 
Northeastern US forests. Here are three examples: Japanese barberry, which was one of our most 
common invasive plants and had a significant correlation with off trail abundance is likely spread by 
bird consumption which does not follow trails. Wineberry, is often spread by birds and mammals, the 
latter of which, use trails and could be source of spread. The latter of the two prefer at least low light 
which can help to reduce likelihood in dense cover. Barberry, however, can thrive in a number of 
habitats.  
An additional 60% of trails were able to be surveyed by volunteers. The increase of 41 trails 
would be equivalent to 41 days of labor. At 6 hours per day and the going rate of $22 per hour for 
ecology field assistance here in NJ, $5412 dollars would be needed to cover this expense. Whereas a 
single day of scientist time would cost only $375 and this would be devoted to volunteer training. 
Finding volunteers was relatively easy, because we partnered with an organization in which the 
volunteers were already engaged in the target activity. In addition to gathering the necessary data, 
volunteers were able to enjoy benefits in learning and becoming more environmentally aware [11]. 
This study can provide insight for future monitoring programs. A number of tradeoffs exist 
when engaging volunteers in projects like ours. A considerable amount of thought and effort is 
necessary to ensure data validation measures. The three measures described above required 
additional thought and personnel hours. Certain tasks, such as hiking off trail were simply not 
amenable to volunteers with only minimal training, again requiring experts to also hike into some of 
the regions. Finally, volunteers were better at identifying certain plants than others, and are likely to 
be less useful when considering rarer plants (see [11] for data and further discussion).  
Other projects with more specific and detailed data collection protocols may create greater data 
uncertainty using volunteers. This uncertainty may lead to considerably more effort on the part of the 
scientists and volunteer trainers. It may also be difficult to gather volunteers without the help of an 
organization or using tasks that are commonly conducted by public audiences (e.g., hiking). When 
conditions are right, however, environmental scientists may find that volunteers can provide 
additional and necessary data with minimal costs. And in our case, a relatively easy training protocol 
that has been validated can be used as part of greater monitoring efforts. Such an outcome is 
especially desirable in current times of rapid global change.  
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